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TITLE: A cell with improved secretion mediated by MrgA protein or homologue 



FIELD OF THE INVENTION 

In the industrial production of secreted polypeptides it is of interest to achieve a 
5 product yield as high as possible. Accordingly, it is highly desirable to remove any potential 
bottlenecks from the secretory machinery of production cells. To this end it is well-known that 
it can be advantageous to overexpress one or more gene(s) encoding protein(s) involved 
with secretion, e.g., PrsA protein or functional homologues thereof. The present invention 
relates to a cell which overexpresses MrgA protein or functional MrgA protein homologue. 

10 

BACKGROUND OF THE INVENTION 

The MrgA protein of Bacillus subtilis was originally classified as a Dps(PexB) 

homologue, encoded by a metalloregulated oxidative-stress gene (metallo regulated gene) 

mrgA. One purported function of the MrgA protein in B. subtilis is to bind DNA under 
15 conditions of oxidative stress and to protect the DNA against damage (Chen L, Helmann JD. 

1995. Bacillus subtilis MrgA is a Dps(PexB) homologue: evidence for metalloregulation of an 

oxidative stress gene. Mol Microbiol 18: 295-300). 

A B. subtilis mrgA deletion mutant only had a somewhat reduced overall level of 

secreted proteins, and it was therefore broadly concluded that MrgA is not involved in protein 
20 secretion in B. subtilis, (van Wely KH, Swaving J, Klein M, Freudl R, Driessen AJ. 2000. The 

carboxyl terminus of the Bacillus subtilis SecA is dispensable for protein secretion and 

viability. Microbiology 146: 2573-81). 

However, the present inventors have found, as demonstrated herein, that MrgA is in 

fact involved in secretion in Bacillus, and that a higher expression of mrgA leads to a higher 
25 secretion of an exoenzyme, exemplified below by improved secretion of a heterologous 

alpha-amylase. 

SUMMARY OF THE INVENTION 

Severe secretion stress was imposed on a Bacillus subtilis cell by overexpressing an 
30 exoenzyme, the alpha-amylase AmvQ of Baciilus amvloliquefaciens, encoded by a plasmid- 
borne constitutively expressed gene in the cell. DNA microarray analyses revealed an 
increased expression of the general-stress protein-fr?rg>A as a response to the imposed 
secretion stress. 

The mrgA gene was amplified by PCR from the chromosome of B. subtilis. Three 
35 PCR reactions were carried out with three different upstream PCR primers, each comprising 
the sequence of a synthetic constitutive promoter of different strength. The three amplified 
PCR fragments were integrated into the chromosome of individual B. subtilis strains, 
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resulting in three recombinant strains, each expressing mrgA from the native locus, and from 
the integrated mrgA copy, which was transcribed from the synthetic promoter. 

The three strains overexpressing mrgA, and a corresponding control strain, were then 
transformed with the plasmid pKTHtO, which carries and constitutively overexpresses the 
5 g en e encoding the alpha-amylase AmyQ of B. amyloliquefaciens. 

The yields of secreted AmyQ amylase from the transformed strains were determined 
after 1 weeks cultivation in 200 ml BPX culture flasks. For each of the three MrgA 
overexpressing strains, and the control strain, three independent isolates were analysed in 
triplicate to determine the amylase yields. The yields of secreted amylase from the MrgA 
10 overexpressing strains were 27% - 44% higher than the yield from the control strain. 

Accordingly, in a first aspect the invention relates to a progeny cell derived from a 
parent cell, wherein 

a) the progeny cell comprises at least one gene encoding MrgA protein or a functional 
homologue thereof and/or a DNA segment operably linked with the encoding gene, 

15 wherein said gene and/or DNA segment is manipulated with respect to the parent cell; 

b) the progeny cell comprises two or more copies of a gene encoding MrgA protein or a 
functional homologue thereof; or 

c) the progeny cell is mutated with respect to the parent cell; 

whereby the progeny cell produces greater amounts of MrgA protein or a functional 
20 homologue thereof than the parent cell. 

In the present context, a functional homologue of the MrgA protein is a protein, which 
when expressed at a higher level in a cell, leads to an increased secretion of an exoenzyme, 
such as an alpha-amylase, when compared with an otherwise identical cell with normal 
expression of the MrgA functional homologue cultivated under essentially identical 
25 conditions. In addition, the functional homologue of the MrgA protein shares an amino acid 
sequence identity with the MrgA protein of at least 50%, preferably 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95%, 97%, or most preferably 99% when aligned as described above. 

A second aspect of the invention relates to a method for enhancing secretion of an 
protein of interest, the method comprising expressing said protein in a cell according to the 
30 first aspect. 

A third aspect of the invention relates to a method for producing a cell as defined in 
the first aspect useful for production of an protein of interest, said method comprising a step 
of manipulating a cell to increase the expression of MrgA protein or functional homologue 
thereof. 

35 In a fourth aspect the invention relates to a method for producing an protein of 

interest, comprising the steps of: 
a) cultivating a cell as defined in the first aspect; and 
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b) recovering the protein. 

In a final aspect the invention relates to the use of MrgA-protein or a functional 
homologue thereof in a method for enhancing secretion of an protein by manipulating or 
mutating a cell to express greater amounts of MrgA protein or functional homologue thereof 
5 than the non-manipulated or non-mutated cell. 

DEFINITIONS 

In accordance with the present invention there may be employed conventional 
molecular biology, microbiology, and recombinant DNA techniques within the skill of the art. 

10 Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis, 
Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York (herein "Sambrook et al., 1989") DNA 
Cloning: A Practical Approach, Volumes I and II /D.N. Glover ed. 1985); Oligonucleotide 
Synthesis (MJ. Gait ed. 1984); Nucleic Acid Hybridization (B.D. Hames & S.J. Higgins eds 

15 (1985)); Transcription And Translation (B.D. Hames & S.J. Higgins, eds. (1984)); Animal Cell 
Culture (R.I. Freshney, ed. (1986)); Immobilized Cells And Enzymes (IRL Press, (1986)); B. 
Perbal, A Practical Guide To Molecular Cloning (1984). 

A "polynucleotide" is a single- or double-stranded polymer of deoxyribonucleotide or 
ribonucleotide bases read from the 5' to the 3* end. Polynucleotides include RNA and DNA, 

20 and may be isolated from natural sources, synthesized in vitro, or prepared from a 
combination of natural and synthetic molecules. 

A "nucleic acid molecule" or "nucleotide sequence" refers to the phosphate ester 
polymeric form of ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA 
molecules") or deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or 

25 deoxycytidine; "DNA molecules") in either single stranded form, or a double-stranded helix. 
Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible. The term nucleic 
acid molecule, and in particular DNA or RNA molecule, refers only to the primary and 
secondary structure of the molecule, and does not limit it to any particular tertiary or 
quaternary forms. Thus, this term includes double-stranded DNA found, inter alia, in linear or 

30 circular DNA molecules (e.g., restriction fragments), plasmids, and chromosomes. In 

discussing the structure of particular double-stranded DNA molecules, sequences may be 
described herein according to the norma! con vent i on of giving only the sequence in the 5' to 
3' direction along the nontranscribed strand of DNA (i.e., the strand having a sequence 
homologous to the mRNA). A "recombinant DNA molecule" is a DNA molecule that has 

35 undergone a molecular biological manipulation. 

A nucleic acid molecule is "hybridizable" to another nucleic acid molecule, such as a 
cDNA, genomic DNA, or RNA, when a single stranded form of the nucleic acid molecule can 
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anneal to the other nucleic acid molecule under the appropriate conditions of temperature 
and solution ionic strength (see Sambrook et al., supra). The conditions of temperature and 
ionic strength determine the "stringency" of the hybridization. 

For purposes of the present invention, hybridization indicates that the nucleotide 
5 sequence hybridizes to a labeled polynucleotide probe which hybridizes to the nucleotide 
sequence shown in SEQ ID NO:1 under very low to very high stringency conditions. 
Molecules to which the polynucleotide probe hybridizes under these conditions may be 
detected using X-ray film or by any other method known in the art. Whenever the term 
"polynucleotide probe" is used in the present context, it is to be understood that such a probe 
10 contains at least 15 nucleotides. 

In an interesting embodiment, the polynucleotide probe is the complementary strand 
of a fragment of at least 15 nucleotides of SEQ ID NO:1. In another interesting embodiment, 
the polynucleotide probe is a fragment of at least 15 nucleotides of the complementary 
strand of any nucleotide sequence which encodes the polypeptide of SEQ ID NO:2. In a 
15 further interesting embodiment, the polynucleotide probe is the complementary strand of 
SEQ ID NO:1. In a still further interesting embodiment, the polynucleotide probe is the 
complementary strand of the mature polypeptide coding region of SEQ ID NO:1. 

For long probes of at least 100 nucleotides in length, very low to very high stringency 
conditions are defined as prehybridization and hybridization at 42°C in 5X SSPE, 1.0% SDS, 
20 5X Denhardt's solution, 100 Dg/ml sheared and denatured salmon sperm DNA, following 
standard Southern blotting procedures. Preferably, the long probes of at least 100 
nucleotides do not contain more than 1000 nucleotides. For long probes of at least 100 
nucleotides in length, the carrier material is finally washed three times each for 15 minutes 
using 2 x SSC, 0.1% SDS at 42°C (very low stringency), preferably washed three times each 
25 for 15 minutes using 0.5 x SSC, 0.1% SDS at 42°C (low stringency), more preferably washed 
three times each for 15 minutes using 0.2 x SSC, 0.1% SDS at 42°C (medium stringency), 
even more preferably washed three times each for 15 minutes using 0.2 x SSC, 0.1% SDS at 
55°C (medium-high stringency), most preferably washed three times each for 15 minutes 
using 0.1 x SSC, 0.1% SDS at 60°C (high stringency), in particular washed three times each 
30 for 15 minutes using 0.1 x SSC, 0.1% SDS at 68°C (very high stringency). 

Although not particularly preferred, it is contemplated that shorter probes, e.g. probes 
which are from about 15 to 99 nucleotides in length, such as from about 15 to about 70 
nucleotides in length, may be also be used. For such short probes, stringency conditions are 
defined as prehybridization, hybridization, and washing post-hybridization at 5°C to 10°C 
35 below the calculated Tm using the calculation according to Bolton and McCarthy (1962, 

Proceedings of the National Academy of Sciences USA 48:1390) in 0.9 M NaCI, 0.09 M Tris- 
HCI pH 7.6, 6 mM EDTA, 0.5% NP-40, 1X Denhardt's solution, 1 mM sodium pyrophosphate, 
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1 mM sodium monobasic phosphate, 0.1 mM ATP, and 0.2 mg of yeast RNA per ml following 
standard Southern blotting procedures. 

For short probes which are about 15 nucleotides to 99 nucleotides in length, the 
carrier material is washed once in 6X SCC plus 0.1% SDS for 15 minutes and twice each for 
5 15 minutes using 6X SSC at 5°C to 10°C below the calculated Tm. 

A DNA "coding sequence" or an "open reading frame (ORF)" is a double-stranded 
DNA sequence which is transcribed and translated into a polypeptide in a cell in vitro or in 
vivo when placed under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a start codon at the 5* (amino) terminus and a 

10 translation stop codon at the 3' (carboxyl) terminus. A coding sequence can include, but is 
not limited to, prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA 
sequences from eukaryotic (e.g., mammalian) DNA, and even synthetic DNA sequences. If 
the coding sequence is intended for expression in a eukaryotic cell, a polyadenylation signal 
and transcription termination sequence will usually be located 3' to the coding sequence. 

15 An expression vector is a DNA molecule, linear or circular, that comprises a segment 

encoding a polypeptide of interest operably linked to additional segments that provide for its 
transcription. Such additional segments may include promoter and terminator sequences, 
and optionally one or more origins of replication, one or more selectable markers, an 
enhancer, a polyadenylation signal, and the like. Expression vectors are generally derived 

20 from plasmid or viral DNA, or may contain elements of both. 

Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, terminators, and the like, that provide for the expression of a 
coding sequence in a host cell. In eukaryotic cells, polyadenylation signals are control 
sequences. 

25 A "secretory signal sequence" is a DNA sequence that encodes a polypeptide (a 

"secretory peptide" that, as a component of a larger polypeptide, directs the larger 
polypeptide through a secretory pathway of a cell in which it is synthesized. The larger 
polypeptide is commonly cleaved to remove the secretory peptide during transit through the 
secretory pathway. 

30 The term "promoter" is used herein for its art-recognized meaning to denote a portion 

of a gene containing DNA sequences that provide for the binding of RNA polymerase and 
initiation of transcription. Promoter sequences are commonly, but not always, found in the 5' 
non-coding regions of genes. 

A chromosomal gene is rendered non-functional if the polypeptide that the gene 

35 encodes can no longer be expressed in a functional form. Such non-functionality of a gene 
can be induced by a wide variety of genetic manipulations as known in the art, some of which 
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are described in Sambrook et al. vide supra. Partial deletions within the ORF of a gene will 

often render the gene non-functional, as will mutations. 

The term "an expressible copy of a chromosomal gene" is used herein as meaning a 

copy of the ORF of a chromosomal gene, wherein the ORF can be expressed to produce a 
5 fully functional gene product. The expressible copy may not be transcribed from the native 

promoter of the chromosomal gene, it may instead be transcribed from a foreign or 

heterologous promoter, or it may indeed be promoterless and expressed only by 

transcriptional read-through from a gene present upstream of the 5' end of the ORF. 

Transcriptional read-through is intended to have the same meaning here as the generally 
10 recognized meaning in the art. 

"Operably linked", when referring to DNA segments, indicates that the segments are 

arranged so that they function in concert for their intended purposes, e.g. transcription 

initiates in the promoter and proceeds through the coding segment to the terminator. 

A coding sequence is "under the control" of transcriptional and translational control 
15 sequences in a cell when RNA polymerase transcribes the coding sequence into mRNA, 

which is then trans-RNA spliced and translated into the protein encoded by the coding 

sequence. 

"Heterologous" DNA refers to DNA not naturally located in the cell, or in a 
chromosomal site of the cell. Preferably, the heterologous DNA includes a gene foreign to 
20 the cell. 

As used herein the term "nucleic acid construct" is intended to indicate any nucleic 
acid molecule of cDNA, genomic DNA, synthetic DNA or RNA origin. The term "construct" 
is intended to indicate a nucleic acid segment which may be single- or double-stranded, 
and which may be based on a complete or partial naturally occurring nucleotide sequence 
25 encoding a polypeptide of interest. The construct may optionally contain other nucleic acid 
segments. 

The nucleic acid construct of the invention encoding the polypeptide of the invention 
may suitably be of genomic or cDNA origin, for instance obtained by preparing a genomic or 
cDNA library and screening for DNA sequences coding for all or part of the polypeptide by 
30 hybridization using synthetic oligonucleotide probes in accordance with standard techniques 
(cf. Sambrook et al., supra). 

The nucleic acid construct of the invention encoding the polypeptide may also be 
prepared synthetically by established standard methods, e.g. the phosphoamidite method 
described by Beaucage and Caruthers, Tetrahedron Letters 22 (1981), 1859 - 1869, or the 
35 method described by Matthes et al., EM BO Journal 3 (1984), 801 - 805. According to the 
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phosphoamidite method, oligonucleotides are synthesized, e.g. in an automatic DNA 
synthesizer, purified, annealed, ligated and cloned in suitable vectors. 

Furthermore, the nucleic acid construct may be of mixed synthetic and genomic, 
mixed synthetic and cDNA or mixed genomic and cDNA origin prepared by ligating 
5 fragments of synthetic, genomic or cDNA origin (as appropriate), the fragments 

corresponding to various parts of the entire nucleic acid construct, in accordance with 
standard techniques. The nucleic acid construct may also be prepared by polymerase chain 
reaction using specific primers, for instance as described in US 4,683,202 or Saiki et al., 
Science 239 (1988), 487 - 491 . 

10 The term nucleic acid construct may be synonymous with the term "expression 

cassette" when the nucleic acid construct contains the control sequences necessary for 
expression of a coding sequence of the present invention 

The term "control sequences" is defined herein to include all components which are 
necessary or advantageous for expression of the coding sequence of the nucleic acid 

15 sequence. Each control sequence may be native or foreign to the nucleic acid sequence 

encoding the polypeptide. Such control sequences include, but are not limited to, a leader, a 
polyadenylation sequence, a propeptide sequence, a promoter, a signal sequence, and a 
transcription terminator. At a minimum, the control sequences include a promoter, and 
transcriptional and translational stop signals. The control sequences may be provided with 

20 linkers for the purpose of introducing specific restriction sites facilitating ligation of the control 
sequences with the coding region of the nucleic acid sequence encoding a polypeptide. 

The control sequence may be an appropriate promoter sequence, a nucleic acid 
sequence which is recognized by a host cell for expression of the nucleic acid sequence. 
The promoter sequence contains transcription and translation control sequences which 

25 mediate the expression of the polypeptide. The promoter may be any nucleic acid sequence 
which shows transcriptional activity in the host cell of choice and may be obtained from 
genes encoding extracellular or intracellular polypeptides either homologous or heterologous 
to the host cell. 

The control sequence may also be a suitable transcription terminator sequence, a 
30 sequence recognized by a host cell to terminate transcription. The terminator sequence is 
operably linked to the 3* terminus of the nucleic acid sequence encoding the polypeptide. 
Any terminator which is functional in the host cell of choice may be used in the present 
invention. 

The control sequence may also be a polyadenylation sequence, a sequence which is 
35 operably linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, 
is recognized by the host cell as a signal to add polyadenosine residues to transcribed 
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mRNA. Any polyadenylation sequence which is functional in the host cell of choice may be 
used in the present invention. 

The control sequence may also be a signal peptide coding region, which codes for an 
amino acid sequence linked to the amino terminus of the polypeptide which can direct the 

5 expressed polypeptide into the cell's secretory pathway of the host cell. The 5' end of the 
coding sequence of the nucleic acid sequence may inherently contain a signal peptide 
coding region naturally linked in translation reading frame with the segment of the coding 
region which encodes the secreted polypeptide. Alternatively, the 5' end of the coding 
sequence may contain a signal peptide coding region which is foreign to that portion of the 

10 coding sequence which encodes the secreted polypeptide. A foreign signal peptide coding 
region may be required where the coding sequence does not normally contain a signal 
peptide coding region. Alternatively, the foreign signal peptide coding region may simply 
replace the natural signal peptide coding region in order to obtain enhanced secretion of the 
exoprotein relative to the natural signal peptide coding region normally associated with the 

15 coding sequence. The signal peptide coding region may be obtained from a glucoamylase or 
an amylase gene from an Aspergillus species, a lipase or proteinase gene from a 
Rhizomucor species, the gene for the alpha-factor from Saccharomyces cerevisiae, an 
amylase or a protease gene from a Bacillus species, or the calf preprochymosin gene. 
However, any signal peptide coding region capable of directing the expressed polypeptide 

20 into the secretory pathway of a host cell of choice may be used in the present invention. 

The control sequence may also be a propeptide coding region, which codes for an 
amino acid sequence positioned at the amino terminus of a polypeptide. The resultant 
polypeptide is known as a proenzyme or propolypeptide (or a zymogen in some cases). A 
propolypeptide is generally inactive and can be converted to mature active polypeptide by 

25 catalytic or autocatalytic cleavage of the propeptide from the propolypeptide. The propeptide 
coding region may be obtained from the Bacillus subtilis alkaline protease gene (aprE), the 
Bacillus subtilis neutral protease gene (nprT), the Saccharomyces cerevisiae alpha-factor 
gene, or the Myceliophthora thermophilum laccase gene (WO 95/33836). 

It may also be desirable to add regulatory sequences which allow the regulation of 

30 the expression of the polypeptide relative to the growth of the host cell. Examples of 

regulatory systems are those which cause the expression of the gene to be turned on or off 
in response to a chemical or physical stimulus, including the presence of a regulatory 
compound. Regulatory systems in prokaryotic systems would include the lac, tac, and trp 
operator systems. In yeast, the ADH2 system or GAL1 system may be used. Other 

35 examples of regulatory sequences are those which allow for gene amplification. In 

eukaryotic systems, these include the dihydrofolate reductase gene which is amplified in the 
presence of methotrexate, and the metallothionein genes which are amplified with heavy 
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metals. In these cases, the nucleic acid sequence encoding the polypeptide would be placed 
in tandem with the regulatory sequence. 

Examples of suitable promoters for directing the transcription of the gene(s) of the 
present invention, especially in a bacterial host cell, are the promoters obtained from the E. 

5 coli lac operon, the Streptomyces coelicolor agarase gene (dagA), the Bacillus subtilis 
levansucrase gene (sacB), the Bacillus subtilis alkaline protease gene, the Bacillus 
licheniformis alpha-amylase gene (amyL), the Bacillus stearothermophilus maltogenic 
amylase gene (amyM), the Bacillus amyloliquefaciens alpha-amylase gene (amyQ), the 
Bacillus amyloliquefaciens BAN amylase gene, the Bacillus licheniformis penicillinase gene 

10 (penP), the Bacillus subtilis xylA and xylB genes, and the prokaryotic beta-lactamase gene 
(Villa-Kamaroff et al., 1978, Proceedings of the National Academy of Sciences USA 75:3727- 
3731), as well as the tac promoter (DeBoer et al., 1983, Proceedings of the National 
Academy of Sciences USA 80:21-25). Further promoters are described in "Useful proteins 
from recombinant bacteria" in Scientific American, 1980, 242:74-94; and in Sambrook et al., 

15 1989, supra. 

An effective signal peptide coding region for bacterial host cells is the signal peptide 
coding region obtained from the maltogenic amylase gene from Bacillus NCIB 11837, the 
Bacillus stearothermophilus alpha-amylase gene, the Bacillus licheniformis subtilisin gene, 
the Bacillus licheniformis beta-lactamase gene, the Bacillus stearothermophilus neutral 

20 proteases genes (nprT, nprS, nprM), and the Bacillus subtilis PrsA gene. Further signal 
peptides are described by Simonen and Palva, 1993, Microbiological Reviews 57:109-137. 

The present invention also relates to recombinant expression vectors comprising a 
nucleic acid sequence of the present invention, a promoter, and transcriptional and 
translational stop signals. The various nucleic acid and control sequences described above 

25 may be joined together to produce a recombinant expression vector which may include one 
or more convenient restriction sites to allow for insertion or substitution of the nucleic acid 
sequence encoding the polypeptide at such sites. Alternatively, the nucleic acid sequence of 
the present invention may be expressed by inserting the nucleic acid sequence or a nucleic 
acid construct comprising the sequence into an appropriate vector for expression. In 

30 creating the expression vector, the coding seauence is located in the vector so that the 

coding sequence is operably linked with the appropriate control sequences for expression, 
and possibly secretion. 

The recombinant expression vector may be any vector (e.g., a plasmid or virus) which 
can be conveniently subjected to recombinant DNA procedures and can bring about the 

35 expression of the nucleic acid sequence. The choice of the vector will typically depend on 
the compatibility of the vector with the host cell into which the vector is to be introduced. The 
vectors may be linear or closed circular plasmids. The vector may be an autonomously 
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replicating vector, i.e., a vector which exists as an extrachromosomal entity, the replication of 
which is independent of chromosomal replication, e.g., a plasmid, an extrachromosomal 
element, a minichromosome, or an artificial chromosome. The vector may contain any 
means for assuring self-replication. Alternatively, the vector may be one which, when 
5 introduced into the host cell, is integrated into the genome and replicated together with the 
chromosome(s) into which it has been integrated. The vector system may be a single vector 
or plasmid or two or more vectors or plasmids which together contain the total DNA to be 
introduced into the genome of the host cell, or a transposon. 

The vectors of the present invention preferably contain one or more selectable 

10 markers which permit easy selection of transformed cells. A selectable marker is a gene the 
product of which provides for biocide or viral resistance, resistance to heavy metals, 
prototrophy to auxotrophs, and the like. 

Antibiotic selectable markers confer antibiotic resistance to such antibiotics as 
ampicillin, kanamycin, chloramphenicol, tetracycline, neomycin, hygromycin or methotrexate. 

15 Suitable markers for yeast host cells are ADE2, HIS3, LEU2, LYS2, MET3, TRP1 , and 
URA3. 

The vectors of the present invention preferably contain an element(s) that permits 
stable integration of the vector, or of a smaller part of the vector, into the host cell genome or 
autonomous replication of the vector in the cell independent of the genome of the cell. 

20 The vectors, or smaller parts of the vectors such as amplification units of the present 

invention, may be integrated into the host cell genome when introduced into a host cell. For 
chromosomal integration, the vector may rely on the nucleic acid sequence encoding the 
polypeptide or any other element of the vector for stable integration of the vector into the 
genome by homologous or nonhomologous recombination. 

25 Alternatively, the vector may contain additional nucleic acid sequences for directing 

integration by homologous recombination into the genome of the host cell. The additional 
nucleic acid sequences enable the vector to be integrated into the host cell genome at a 
precise location(s) in the chromosome(s). To increase the likelihood of integration at a 
precise location, the integrational elements should preferably contain a sufficient number of 

30 nucleic acids, such as 100 to 1,500 base pairs, preferably 400 to 1,500 base pairs, and most 
preferably 800 to 1 ,500 base pairs, which are highly homologous with the corresponding 
target sequence to enhance the probability of homologous recombination. The integrational 
elements may be any sequence that is homologous with the target sequence in the genome 
of the host cell. Furthermore, the integrational elements may be non-encoding or encoding 

35 nucleic acid sequences; specific examples of encoding sequences suitable for site-specific 
integration by homologous recombination are given in WO 02/00907 (Novozymes, 
Denmark), which is hereby incorporated by reference in its totality. 
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On the other hand, the vector may be integrated into the genome of the host cell by 
non-homologous recombination. These nucleic acid sequences may be any sequence that 
is homologous with a target sequence in the genome of the host cell, and, furthermore, may 
be non-encoding or encoding sequences. The copy number of a vector, an expression 

5 cassette, an amplification unit, a gene or indeed any defined nucleotide sequence is the 
number of identical copies that are present in a host cell at any time. A gene or another 
defined chromosomal nucleotide sequence may be present in one, two, or more copies on 
the chromosome. An autonomously replicating vector may be present in one, or several 
hundred copies per host cell. 

10 An amplification unit of the invention is a nucleotide sequence that can integrate into 

the chromosome of a host cell, whereupon it can increase in number of chromosomally 
integrated copies by duplication of multiplication. The unit comprises an expression cassette 
as defined herein comprising at least one copy of a gene of interest and an expressable copy 
of a chromosomal gene, as defined herein, of the host cell. When the amplification unit is 

15 integrated into the chromosome of a host cell, it is defined as that particular region of the 
chromosome which is prone to being duplicated by homologous recombination between two 
directly repeated regions of DNA. The precise border of the amplification unit with respect to 
the flanking DNA is thus defined functionally, since the duplication process may indeed 
duplicate parts of the DNA which was introduced into the chromosome as well as parts of the 

20 endogenous chromosome itself, depending on the exact site of recombination within the 
repeated regions. This principle is illustrated in Janniere et al. (1985, Stable gene 
amplification in the chromosome of Bacillus subtilis. Gene, 40: 47-55), which is incorporated 
herein by reference. 

For autonomous replication, the vector may further comprise an origin of replication 
25 enabling the vector to replicate autonomously in the host cell in question. Examples of 
bacterial origins of replication are the origins of replication of plasmids pBR322, pUC19, 
pACYC177, pACYC184, pUB110, pE194, pTA1060, and pAMbetal. Examples of origin of 
replications for use in a yeast host cell are the 2 micron origin of replication, the combination 
of CEN6 and ARS4, and the combination of CEN3 and ARS1 . The origin of replication may 
30 be one having a mutation which makes its functioning temperature-sensitive in the host cell 
(see, e.g., Ehrlich, 1978, Proceedings of the National Academy of Sciences USA 75:1433). 

The present invention also relates to recombinant host cells, comprising a nucleic 
acid sequence of the invention, which are advantageously used in the recombinant 
production of the polypeptides. The term "host ceir encompasses any progeny of a parent 
35 cell which is not identical to the parent cell due to mutations that occur during replication. 

The cell is preferably transformed with a vector comprising a nucleic acid sequence of 
the invention followed by integration of the vector into the host chromosome. 

11 
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"Transformation" means introducing a vector comprising a nucleic acid sequence of the 
present invention into a host cell so that the vector is maintained as a chromosomal integrant 
or as a self-replicating extra-chromosomal vector. Integration is generally considered to be 
an advantage as the nucleic acid sequence is more likely to be stably maintained in the cell. 

5 Integration of the vector into the host chromosome may occur by homologous or non- 
homologous recombination as described above. 

The transformation of a bacterial host cell may, for instance, be effected by protoplast 
transformation (see, e.g., Chang and Cohen, 1979, Molecular General Genetics 168:111- 
115), by using competent cells (see, e.g., Young and Spizizin, 1961, Journal of Bacteriology 

10 81:823-829, or Dubnar and Davidoff-Abelson, 1971, Journal of Molecular Biology 56:209- 
221), by electroporation (see, e.g., Shigekawa and Dower, 1988, Biotechniques 6:742-751), 
or by conjugation (see, e.g., Koehler and Thorne, 1987, Journal of Bacteriology 169:5771- 
5278). 

The transformed or transfected host cells described above are cultured in a suitable 
15 nutrient medium under conditions permitting the expression of the desired polypeptide, after 
which the resulting polypeptide is recovered from the cells, or the culture broth. 

The medium used to culture the cells may be any conventional medium suitable for 
growing the host cells, such as minimal or complex media containing appropriate 
supplements. Suitable media are available from commercial suppliers or may be prepared 
20 according to published recipes (e.g. in catalogues of the American Type Culture Collection). 
The media are prepared using procedures known in the art (see, e.g., references for bacteria 
and yeast; Bennett, J.W. and LaSure, L, editors, More Gene Manipulations in Fungi, 
Academic Press, CA, 1991). 

If the polypeptide is secreted into the nutrient medium, the polypeptide can be 
25 recovered directly from the medium. If the polypeptide is not secreted, it is recovered from 
cell lysates. The polypeptide are recovered from the culture medium by conventional 
procedures including separating the host cells from the medium by centrifugation or filtration, 
precipitating the proteinaceous components of the supernatant or filtrate by means of a salt, 
e.g^ammonium sulphate, purification by a variety of chromatographic procedures, e.g. ion 
so exchana^ chromatoaraphy, gelfiltration chromatography, affinity chromatography, or the like, 
dependent on the type of polypeptide in question. 

The- polypeptides may be detected using methods known in the art that are specific 
for the polypeptides. These detection methods may include use of specific antibodies, 
formation of an enzyme product, or disappearance of an enzyme substrate. For example, an 
35 enzyme assay may be used to determine the activity of the polypeptide. 

The polypeptides of the present invention may be purified by a variety of procedures 
known in the art including, but not limited to, chromatography (e.g., ion exchange, affinity, 
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hydrophobic, chromatofocusing, and size exclusion), electrophoretic procedures (e.g., 
preparative isoelectric focusing (IEF), differential solubility (e.g., ammonium sulfate 
precipitation), or extraction (see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, 
editors, VCH Publishers, New York, 1989). 

5 In the present context, the term "substantially pure polypeptide" means a polypeptide 

preparation which contains at the most 10% by weight of other polypeptide material with 
which it is natively associated (lower percentages of other polypeptide material are preferred, 
e.g. at the most 8% by weight, at the most 6% by weight, at the most 5% by weight, at the 
most 4% at the most 3% by weight, at the most 2% by weight, at the most 1% by weight, and 

10 at the most !4% by weight). Thus, it is preferred that the substantially pure polypeptide is at 
least 92% pure, i.e. that the polypeptide constitutes at least 92% by weight of the total 
polypeptide material present in the preparation, and higher percentages are preferred such 
as at least 94% pure, at least 95% pure, at least 96% pure, at least 96% pure, at least 97% 
pure, at least 98% pure, at least 99%, and at the most 99.5% pure. The polypeptides 

15 disclosed herein are preferably in a substantially pure form. In particular, it is preferred that 
the polypeptides disclosed herein are in "essentially pure form", i.e. that the polypeptide 
preparation is essentially free of other polypeptide material with which it is natively 
associated. This can be accomplished, for example, by preparing the polypeptide by means 
of well-known recombinant methods. Herein, the term "substantially pure polypeptide" is 

20 synonymous with the terms "isolated polypeptide" and "polypeptide in isolated form". 

In the present context, the homology between two amino acid sequences or 
between two nucleotide sequences is described by the parameter "identity". For 
purposes of the present invention, alignments of sequences and calculation of homology 
scores may be done using a full Smith-Waterman alignment, useful for both protein and DNA 

25 alignments. The default scoring matrices BLOSUM50 and the identity matrix are used for 
protein and DNA alignments respectively. The penalty for the first residue in a gap is -12 for 
proteins and -16 for DNA, while the penalty for additional residues in a gap is -2 for proteins 
and -4 for DNA. Alignment may be made with the FASTA package version v20u6 (W. R. 
Pearson and D. J. Lipman (1988), "Improved Tools for Biological Sequence Analysis", PNAS 

30 85:2444-2448, and W. R. Pea^" ( HOon ) Sensitive Sequence Comparison with 

FASTP and FASTA", Methods in Enzymology, 183:63-98). 

Multiple alignments of protein sequerrcesrmay be made using "ClustalW" (Thompson, 
J.D., Higgins, D.G. and Gibson, T.J. (1994) CLUSTALW: improving the sensitivity of 
progressive multiple sequence alignment through sequence weighting, positions-specific gap 

35 penalties and weight matrix choice. Nucleic Acids Research, 22:4673-4680). Multiple 
alignment of DNA sequences may be done using the protein alignment as a template, 
replacing the amino acids with the corresponding codon from the DNA sequence. 
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In the present context, a functional homologue of the MrgA protein is a protein, which 
when expressed at a higher level in a cell, leads to an increased secretion of an exoenzyme, 
such as an alpha-amylase, when compared with a cell with normal expression of the MrgA 
functional homologue cultivated under essentially identical conditions. In addition, the 
5 functional homologue of the MrgA protein shares an amino acid sequence identity with the 
MrgA protein of at least 50%, preferably 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
97%, or most preferably 99% when aligned as described above. 

In the present context, the term "allelic variant" denotes any of two or more alternative 
forms of a gene occupying the same chromosomal locus. Allelic variation arises naturally 
10 through mutation, and may result in polymorphism within populations. Gene mutations can 
be silent (no change in the encoded polypeptide) or may encode polypeptides having altered 
amino acid sequences. An allelic variant of a polypeptide is a polypeptide encoded by an 
allelic variant of a gene. Allelic variants are included in the present definition of functional 
homologues. 

15 The MrgA protein or functional homologue thereof may be a wild-type protein 

identified and isolated from a natural source. Such wild-type proteins may be specifically 
screened for by standard techniques known in the art. Furthermore, the MrgA protein or 
functional homologue thereof may be prepared by the DNA shuffling technique, such as 
described in J.E. Ness et al. Nature Biotechnology 17, 893-896 (1999). Moreover, the MrgA 

20 protein or functional homologue thereof may be an artificial variant. Such artificial variants 
may be constructed by standard techniques known in the art, such as by site- 
directed/random mutagenesis. In one embodiment of the invention, amino acid changes (in 
the artificial variant as well as in wild-type polypeptides) are of a minor nature, that is 
conservative amino acid substitutions that do not significantly affect the folding and/or activity 

25 of the protein; small deletions, typically of one to about 30 amino acids; small amino- or 

carboxyl-terminal extensions, such as an amino-terminal methionine residue; a small linker 
peptide of up to about 20-25 residues; or a small extension that facilitates purification by 
changing net charge or another function, such as a poly-histidine tract, an antigenic epitope 
or a binding domain. 

30 Examples of conservative substitutions are within the group of basic amino acids 

(arginine, lysine and histidine), acidic amino acids (glutamic acid and aspartic acid), polar 
amino acids (glutamine and asparagine), hydrophobic amino acids (leucine, isoleucine, 
valine and methionine), aromatic amino acids (phenylalanine, tryptophan and tyrosine), and 
small amino acids (glycine, alanine, serine and threonine). Amino acid substitutions which 

35 do not generally alter the specific activity are known in the art and are described, for 

example, by H. Neurath and R.L. Hill, 1979, In, The Proteins, Academic Press, New York. 
The most commonly occurring exchanges are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, 
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Ala/Thr, Ser/Asn, AlaA/al, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/lle, LeuA/al, 
Ala/Glu, and Asp/Gly as well as these in reverse. 

It will be apparent to those skilled in the art that such modifications can be made 
outside the regions critical to the function of the molecule and still result in an active 

5 polypeptide. Amino acid residues essential to the activity of the polypeptide encoded by the 
nucleotide sequence of the invention, and therefore preferably not subject to modification, 
such as substitution, may be identified according to procedures known in the art, such as 
site-directed mutagenesis or alanine-scanning mutagenesis (see, e.g., Cunningham and 
Wells, 1989, Science 244: 1081-1085). In the latter technique, mutations are introduced at 

10 every positively charged residue in the molecule, and the resultant mutant molecules are 
tested for activity to identify amino acid residues that are critical to the activity of the 
molecule. Sites of substrate-enzyme interaction can also be determined by analysis of the 
three-dimensional structure as determined by such techniques as nuclear magnetic 
resonance analysis, crystallography or photoaffinity labelling (see, e.g., de Vos et al., 1992, 

15 Science 255: 306-312; Smith et al., 1992, Journal of Molecular Biology 224: 899-904; 
Wlodaver et al, 1992, FEBS Letters 309: 59-64). 

Moreover, a nucleotide sequence encoding a polypeptide of the present invention 
may be modified by introduction of nucleotide substitutions which do not give rise to another 
amino acid sequence of the polypeptide encoded by the nucleotide sequence, but which 

20 correspond to the codon usage of the host organism intended for production of the enzyme. 
The introduction of a mutation into the nucleotide sequence to exchange one 
nucleotide for another nucleotide may be accomplished by site-directed mutagenesis using 
any of the methods known in the art. Particularly useful is the procedure, which utilizes a 
supercoiled, double stranded DNA vector with an insert of interest and two synthetic primers 

25 containing the desired mutation. The oligonucleotide primers, each complementary to 
opposite strands of the vector, extend during temperature cycling by means of Pfu DNA 
polymerase. On incorporation of the primers, a mutated plasmid containing staggered nicks 
is generated. Following temperature cycling, the product is treated with Dpnl which is 
specific for methylated and hemi methylated DNA to digest the parental DNA template and to 

30 select for mutation-containing synthesized DNA. Other procedures known in the art may 

also be used. For a general description of nucleotide substitution, see, e.g., Ford et al., 1991, 
Protein Expression and Purification 2: 95-107. 

DETAILED DESCRIPTION OF THE INVENTION 

35 The first aspect of the invention relates to a progeny cell derived from a parent cell, 

wherein 

15 
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a) the progeny cell comprises at least one gene encoding MrgA protein or a functional 
homologue thereof and/or a DNA segment operably linked with the encoding gene, 
wherein said gene and/or DNA segment is manipulated with respect to the parent cell; 

b) the progeny cell comprises two or more copies of a gene encoding MrgA protein or a 
5 functional homologue thereof; or 

c) the progeny cell is mutated with respect to the parent cell; 

whereby the progeny cell produces greater amounts of MrgA protein or a functional 
homologue thereof than the parent cell. 

The cell of the invention produces greater amounts of MrgA protein or a funtional 

10 homologue thereof, than the parent cell. A comparison should be made by cultivating the cell 
of the invention as well as the parent cell under essentially identical conditions, and 
comparing the amount of MrgA protein by any standard method in the art. Preferably the cell 
of the invention produces at least 5% more MrgA than the parent, more preferably at least 
10%, still more preferably at least 20%, and most preferably at least 50% more MrgA protein 

15 or a functional homologue thereof than the parent. Such overproduction may be 

accomplished by standard means known to the art, e.g., use of multicopy plasmids, multiple 
copies of the genes encoding MrgA or a functional homologue thereof, and/or the protein of 
interest, in the chromosome of the host, combined with altering the regulatory elements to 
increase expression, e.g., use of strong promoter(s), use of multiple promoters, use of 

20 enhancers, and so forth. 

As the inventors show herein, a cell of the first aspect is capable of producing greater 
amounts of a protein of interest than the corresponding parent cell, when both are cultivated 
under essentially identical conditions. 

Accordingly, a preferred embodiment of the invention relates to the cell of the first 

25 aspect, which produces greater amounts of a protein of interest than the parent cell. 

Preferably the protein of interest is an intracellular protein or an exoprotein. Preferably the 
cell of the invention secretes greater amounts of an exoprotein of interest than the parent 
cell. Preferably the cell of the invention secretes at least 5% more exoprotein than the parent, 
more preferably at least 10% more, still more preferably at least 20% more, and most 

30 preferably at least 50% more exoprotein than the parent. The amount of produced or 

secreted protein of interest from each cell may be determined by any suitable assay in the 
art; a non-limiting example is shown below with the determination of secreted amounts of the 
exoprotein alpha-amylase. 

The choice of a host cell will to a large extent depend upon the gene encoding the 

35 polypeptide and its source. The host cell may be a unicellular microorganism, e.g., a 

prokaryote, or a non-unicellular microorganism, e.g., a eukaryote. Useful unicellular cells are 
bacterial cells such as gram positive bacteria including, but not limited to, a Bacillus cell, e.g., 
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Bacillus alkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus 
coagulans, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, 
Bacillus stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis', or a Streptomyces 
cell, e.g., Streptomyces lividans or Streptomyces murinus, or gram negative bacteria such as 
5 E. coli and Pseudomonas sp. In a preferred embodiment, the bacterial host cell is a Bacillus 
lentus, Bacillus licheniformis, Bacillus stearothermophilus or Bacillus subtilis cell. In one 
preferred embodiment, the bacterial host cell is a prokaryotic cell, preferably a Gram-positive 
prokaryotic cell, and more preferably the bacterial Gram positive cell is a species of the 
genus Bacillus, preferably selected from the group consisting of Bacillus alkalophilus, 
10 Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans t Bacillus coagulans, Bacillus 
lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus 
stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis. 

A preferred embodiment relates to the cell of the invention, which is a bacterial cell, 
preferably a prokaryotic cell, more preferably a Gram-positive cell, and most preferably of the 
15 genus Bacillus; still more preferably it is of a species chosen from the group consisting of 
Bacillus alkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus 
coagulans, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus 
stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis. 

The protein of interest may be endogenous or exogenous to the host cell, it may be a 
20 homologous protein, or a heterologous protein. 

A preferred embodiment relates to the cell, wherein said protein of interest is a 
protease, a lipase, a cutinase, an amylase, a galactosidase, a pullulanase, a cellulase, a 
glucose isomerase, a protein disulphide isomerase, a CGTase (cyclodextrin 
gluconotransferase), a phytase, a glucose oxidase, a glucosyl transferase, lactase, bilirubin 
25 oxidase, a xylanase, an antigenic microbial or protozoan protein, a bacterial protein toxin, a 
microbial surface protein, or a viral protein. 

An evolutionary homologue of the MrgA protein, an allellic variant, an artificial variant, 
a shuffled variant, a species variant, and so forth, are all referred to as a "functional 
homologue" or the MrgA protein in the present description, and the inventors envision that 
30 such functional homologue protein(s) will be equally effective in the cell of the invention. 

Specifically, a preferred embodiment relates to the cell, wherein the MrgA protein or 
functional homologue thereof comprises an amino acid sequence which is at least 70% 
identical to the amino acid sequence shown in SEQ ID NO:2, preferably at least 75%, 80%, 
85%, 90%, 95%, 97%, or even 99% identical to the amino acid sequence shown in SEQ ID 
35 NO:2. 
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Another preferred embodiment relates to the cell of the invention, wherein the MrgA 
protein or functional homologue thereof comprises or consists of the amino acid sequence 
shown in SEQ ID NO:2. 

Still another preferred embodiment relates to the cell of the invention, which 
5 comprises at least one exogenous copy of a polynucleotide encoding MrgA protein or a 
functional homologue thereof comprising an amino acid sequence which is at least 70% 
identical to the amino acid sequence shown in SEQ ID NO:2, preferably at least 75%, 80%, 
85%, 90%, 95%, 97%, or even 99% identical to the amino acid sequence shown in SEQ ID 
NO:2. 

10 In a preferred embodiment the cell of the invention comprises at least one exogenous 

copy of a polynucleotide encoding MrgA protein or a functional homologue thereof 
comprising or consisting of the amino acid sequence shown in SEQ ID NO:2. 

A preferred cell comprises at least one exogenous copy of a polynucleotide, which: 

a) comprises a polynucleotide sequence which is at least 70% identical to the sequence 
15 shown in SEQ ID NO:1 ; preferably at least 75%, 80%, 85%, 90%, 95%, 97%, or even 

99% identical to the sequence shown in SEQ ID NO:1; or 

b) hybridizes with the sequence shown in SEQ ID NO:1 , under medium stringency 
conditions, preferably under medium-high stringency, and more preferably under high 
stringency conditions. 

20 As described above, and exemplified herein, one preferred embodiment relates to a 

cell, wherein at least one exogenous copy of a gene encoding the MrgA protein or a 
functional homologue thereof is transcribed from one or more heterologous and/or artificial 
promoter. 

In a preferred cell, at least one exogenous copy of a gene encoding the MrgA protein 
25 or a functional homologue thereof is integrated into the genome of the cell; or is present on 
an extra-chromosomal construct, preferably a plasmid. 

Another aspect of the invention relates to a method for enhancing production of a 
protein of interest, the method comprising expressing said protein in a cell according to the 
firsLaspect. 

30 Still another aspect of the invention relates to a method for producing a cell as 

defined in the first aspect, useful for production of a protein of interest, said method 
comprising-a step of manipulating a cell to increase the expression of MrgA protein or 
functional homologue thereof. 

In the production methods of the present invention, the cells are cultivated in a 

35 nutrient medium suitable for production of the polypeptide using methods known in the art. 
For example, the cell may be cultivated by shake flask cultivation, small-scale or large-scale 
fermentation (including continuous, batch, fed-batch, or solid state fermentations) in 
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laboratory or industrial fermentors performed in a suitable medium and under conditions 
allowing the polypeptide to be expressed and/or isolated. The cultivation takes place in a 
suitable nutrient medium comprising carbon and nitrogen sources and inorganic salts, using 
procedures known in the art. Suitable media are available from commercial suppliers or may 
5 be prepared according to published compositions (e.g., in catalogues of the American Type 
Culture Collection). If the polypeptide is secreted into the nutrient medium, the polypeptide 
can be recovered directly from the medium. If the polypeptide is not secreted, it can be 
recovered from cell lysates. 

10 The polypeptides may be detected using methods known in the art that are specific 

for the polypeptides. These detection methods may include use of specific antibodies, 
formation of an enzyme product, or disappearance of an enzyme substrate. For example, an 
enzyme assay may be used to determine the activity of the polypeptide as described herein. 
The polypeptides may be purified by a variety of procedures known in the art 

15 including, but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic, 
chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative 
isoelectric focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, 
centrifugation, filtration, extraction, spray-drying, evaporation, precipitation, or extraction 
(see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH Publishers, New 

20 York, 1989). 

In a preferred embodiment of the method of the third aspect, the manipulated cell 
producess greater amounts of a protein of interest than the non-manipulated parent cell. 
Preferably the protein of interest is an intracellular protein or an exoprotein. 

Another preferred embodiment relates to the method of the third aspect, wherein said 
25 method comprises the steps of: 

a) identifying a gene from the parent cell that encodes MrgA protein or a functional 
homologue thereof; and 

b) manipulating the cell to increase the expression of the gene identified in step (a), 
whereby the manipulated progeny cell expresses greater amounts of MrgA protein or 

30 functional homologue thereof, than the nnn-manioulated cell. 

EXAMPLES 

Materials and Methods 

35 
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Strains 

B.subtilis 168: F. Kunst et al. "The complete genome sequence of the Gram-positive 
bacterium Bacillus subtilis". Nature (1997) 390:249-256. 

B.subtilis AN53: B.subtilis 168 with plasmid pKTHIO and P920mrgA integrated in the amyE 
5 locus (this study). 

B.subtilis AN36: B.subtilis 168 with plasmid p920mrgA integrated into the amyE locus (this 
study). 

B.subtilis AN42: B.subtilis 168 with plasmid p740mrgA integrated into the amyE locus (this 
study). 

10 B.subtilis AN50: B.subtilis 168 with plasmid p726mrgA integrated into the amyE locus (this 
study). 

B.subtilis AN55: B.subtilis 168 with plasmid pKTHIO and P740mrgA integrated in the amyE 
locus (this study). 

B.subtilis AN57: B.subtilis 168 with plasmid pKTHIO and P726mrgA integrated in the amyE 
15 locus (this study). 

B.subtilis AN83: B.subtilis 168 with plasmid pKTHIO (this study). 

B.subtilis AN214: B.subtilis 168 (pel::PconsBAN) 

B.subtilis AN217: B.subtilis 168 (pel::PconsBAN; amyE::P726mrgA) 

B.subtilis AN218: B.subtilis 168 (pel::PconsBAN; amyE::P740mrgA) 
20 B.subtilis AN219: B.subtilis 168 (pel::PconsBAN; amyE::P920mrgA) 

Competent cells were prepared and transformed as described by Yasbin, R.E., Wilson, 
G.A. and Young, F.E. (1975) Transformation and transfection in lysogenic strains of Bacillus 
subtilis : evidence for selective induction of prophage in competent cells. J. Bacteriol, 121:296- 
25 304. 



Plasmids 

pKTHIO: Vehmaanpera J, Steinborn G, Hofemeister J.: n Genetic manipulation of 
Bacillus amyloliquefaciens." J Biotechnol. 1991. 19(2-3):221-40. This plasmid constitutively 
30 express the Bacillus amyloliquefaciens alpha-amylase (AmyQ). 

pDG268neo: This plasmid is a pDG268 derivative, which is unable to replicate in Bacillus 
subtilis (Antoniewski, C, Savelli, B., and Stragier, P., 1990, J. Bact 172). The plasmid 
contains the chloramphenicol (cam) resistance marker next to Sf/1 and BamHl restriction 
enzyme recoqnition sequences, flanked by the "5"' and M, 3" portions of the amyE locus of 
35 Bacillus subtilis. This plasmid is used for introduction of the MrgA expression cassette and 
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the cam marker into the amyE locus of B. subtilis via double homologous recombination 
cross-over. The sequence of pDG268neo is shown in SEQ ID NO: 3. 

PAN213 : This plasmid is a pDG268 derivative (Antoniewski, C, Savelli, B., and 
Stragier, P., 1990, J. Bact 172) which is unable to replicate in Bacillus subtilis. The plasmid 
5 contains the erythromycin resistance marker next to sacll and Sty I restriction enzyme 
recoqnition sequences. All of this sequence is flanked by the "5"' and "'3" portions of the 
pectate lyase (pel) locus of Bacillus subtilis 168. 

pAN213ban : The amyQ gene was amplified by PCR from the chromosome of B. subtilis by 
use of primers AN 162 and AN 163c. The upstream primer (AN 162) encoded the synthetic 
10 promoter PconsBAN. The PCR product was cut with restriction enzymes sacll and Mlul and 
ligated to the large Sacll-Mlul fragment of pAN213, resulting in plasmid pAN213ban. This 
plasmid is used for introduction of the AmyQ expression cassette and the erm marker into 
the pel locus of B. subtilis 168 via a double cross-over event. The sequence of pAN213ban is 
shown in SEQ ID NO: 16. 

15 p920mrqA: The mrgA gene was amplified by PCR from the chromosome of B. subtilis by 
use of primers p920mrgaF2 (SEQ ID NO: 4) and MBmrgaR2 (SEQ ID NO: 5). The upstream 
primer (p920mrgaF2; SEQ ID NO: 4) comprised a synthetic constitutive promoter, P920 
(SEQ ID NO: 6). The PCR product shown in SEQ ID NO: 7 was cut with restriction enzymes 
Sfil and BamHI and ligated to the large Sfi\-BamH\ fragment of pDG268neo, resulting in 

20 plasmid p920mrgA. 

p740mrgA: The mrgA gene was amplified by PCR from the chromosome of B. subtilis by 
use of primers p740mrgaF2 (SEQ ID NO: 8) and MBmrgaR2 (SEQ ID NO: 5). The upstream 
primer (p740mrgaF2; SEQ ID NO: 8) comprised a synthetic constitutive promoter, P740 
(SEQ ID NO: 9). The PCR product shown in SEQ ID NO: 10 was cut with restriction enzymes 
25 Sfi\ and BamHI and ligated to the large Sfi\-BamH\ fragment of pDG268neo, resulting in 
plasmid p740mrgA. 

p726mrgA: The mrgA was amplified by PCR from the chromosome of B. subtilis by use of 
primers p726mrgaF2 (SEQ ID NO: 11) and MBmrgaR2 (SEQ ID NO: 5). The upstream 
primer (p726mrgaF2; SEQ ID NO: Xi) compnsea ine constitutive synthetic promoter P726 
30 (SEQ ID NO: 12). The PCR product shown in SEQ ID NO: 13 was cut with restriction 
enzymes Sfi\ and BamHI and ligated to the large Sfi\-BamH\ fragment of pDG268neo, 
resulting in plasmid p726mrgA. 



Primers: 

35 P920mrgaF (SEQ ID NO: 4): ctgaggccaattaggccaagtttattcttgacattagggaacatgcatgatat 
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aataggtaaagtaaacagatcacaaggaggacgttatc 
P740mrgaF (SEQ ID NO: 8): ctgaggccaattaggcccggaagtttgttgacacagctccaggatacaaat 

ataatgggtcgactaaacagatcacaaggaggacgttatc 
P726mrgaF (SEQ ID NO: 11): ctgaggccaattaggccgaggtgagatttgacactagtaggctacgggac 
5 tataatgcgggaagtaaacagatcacaaggaggacgttatc 
MBmrgaR2 (SEQ ID NO: 5): tgaaggatccacgcgtccagcagacagaaagcag 
AN 162 (SEQ ID NO: 14): 

agactgtccgcggtgtaaaaaataggaataaaggggggttgacattattttactgatatgtata 

atataatttgtataagaaaatgag 
10 AN163C (SEQ ID NO: 15): gcatacacgcgttgtcacacctgatgccgacc 

General molecular biology methods 

Unless otherwise mentioned the DNA manipulations and transformations were 

performed using standard methods of molecular biology (Sambrook et al. (1989) Molecular 
15 cloning: A laboratory manual, Cold Spring Harbor lab. t Cold Spring Harbor, NY; Ausubel, F. 

M. et al. (eds.) "Current protocols in Molecular Biology". John Wiley and Sons, 1995; 

Harwood, C. R. t and Cutting, S. M. (eds.) "Molecular Biological Methods for Bacillus". John 

Wiley and Sons, 1990). 

Enzymes for DNA manipulations were used according to the specifications of the 
20 suppliers (e.g. restriction endonucleases, ligases etc. are obtainable from New England 

Biolabs, Inc.). 

Media 

LB agar (as described in Ausubel, F. M. et al. (eds.) "Current protocols in Molecular Biology". 
25 John Wiley and Sons, 1995). 

LBP is LB agar supplemented with 0.05 M potassium phosphate, pH 7.0 

LBPG is LB agar supplemented with 0.5% Glucose and 0.05 M potassium phosphate, pH 

7.0. 

LBPSK is LB agar supplemented with 0.05 M potassium phosphate, pH 7.0 and 1% of 
30 skimmed milk. 

BPX media is described in EP 0 506 780 (WO 91/09129). 

Fermentations 

Fermentations to evaluate the amylase yields were performed in shakeflasks with 100 
35 ml BPX at 37°C, 300 rpm for seven days. Culture volumes of 10 ml were harvested and 
centrifuged at 10.000 g to remove cells and debris. The clear supernants were used for 
assaying alpha-amylase activity. 
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Assay for aloha-amvlase activity 

Alpha-amylase activity was determined by a method employing an enzymatic 
colorimetric test with 4,6-ethylidene(G 7 )-p-nitrophenyl(G 1 )-alpha,D-maltoheptaoside 
5 (ethylidene-G 7 PNP) as substrate (Boehringer Mannheim, Germany art. 1442309). Under a 
specified set of conditions (temp., pH, reaction time, buffer conditions) 1 mg of a given a- 
amylase will hydrolyse a certain amount of substrate and a yellow colour will be produced. 
The colour intensity is measured at 405 nm. The measured absorbance is directly 
proportional to the activity of the alpha-amylase in question under a given set of conditions. 

10 

EXAMPLE 1 

The mrgA gene was amplified by PGR from the chromosome of B. subtilis by use of 
primers p920mrgaF2 (SEQ ID NO: 4) and MBmrgaR2 (SEQ ID NO: 5). The upstream primer 
(p920mrgaF2) comprised the constitutive synthetic promoter P920 (SEQ ID NO:6). The PCR 

15 product (SEQ ID NO: 7) was cut with restriction enzymes Sfil and SamHI and ligated to the 
large Sfi\-BamH\ fragment of pDG268neo, resulting in plasmid p920mrgA. The ligation- 
mixture of p920mrgA, described in the Material and Methods section, was introduced by 
transformation into the B. subtilis 168 strain, and the transformants were plated on LBPSK 
media supplemented with 6 microg/ml chloramphenicol to select for integrants. 

20 Transformants growing on these plates have integrated the plasmid in the amy locus, either 
by a single (Cam + kan + ) or double cross-over event (cam + kan"). Transformants were re- 
streaked on LBPSK/cam media with and without 20 microg/ml kanamycine. Strains where 
double cross-over events had occurred were cam* kan". These strains no longer showed the 
tell-tale clearing zones; which signified that that integration in, and disruption of, the amy 

25 gene, had taken place. The site of integration was verified by PCR, the integrated copy of 
mrgA was verified by sequence analysis, and the strain was named AN36. AN36 was 
transformed with plasmid pKTH10 which constitutively expresses the alpha-amylase AmyQ 
of Bacillus amyloliquefaciens. The resulting strain was named AN53. Yields of amylase from 
AN53 were determined in triplicate from three independent isolates, and compared to the 

30 yield of amylase from the control strain AN83. Results are shown in table 1; the AN53 strain 
constitutively expressing mrgA from the synthetic promoter has an increased alpha-amylase 
yield, which on average is 13% higher than the control strain, AN83, which only comprises a 
wild-type copy of the mrgA gene. 

35 Table 1 . Yields of amylase from AN53 were determined in triplicate from 

three independent isolates, and compared to the yield of amylase from the 
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control strain AN83. The average yields of each strain are also shown. 
Nd: Not determined. 



Strain 


Amylase activity 
(relative) 


average 


average 
(in %) 


AN53-1.1 


15,7 


13,5 


113% 


AN53-1 .2 


15,8 


AN53-1.3 


14,9 


AN53-2.1 


12,5 


AN53-2.2 


8,65 


AN53-2.3 


Nd 


AN53-3.1 


Nd 


AN53-3.2 


Nd 


AN53-3.3 


Nd 


AN83-1.1 


10,6 


11,9 


100% 


AN83-1.2 


15,7 


AN83-1.3 


13,8 


AN83-2.1 


8,7 


AN83-2.2 


7,72 


AN83-2.3 


10,1 


AN83-3.1 


14,1 


AN83-3.2 


Nd 


AN83-3.3 


14,6 



EXAMPLE 2 

The mrgA gene was amplified by PCR from the chromosome of B. subtilis by use of 
primers p740mrgaF2 (SEQ ID NO: 8) and MBmrgaR2 (SEQ ID NO: 5). The upstream primer 
(p740mrgaF2) comprised the constitutive synthetic promoter P740 (SEQ ID NO: 9). The PCR 

10 product (SEQ ID NO: 10) was cut with restriction enzymes Sfi\ and SamHI, and ligated to the 
large Sfi\-BamH\ fragment of pDG268neo, resulting in plasmid p740mrgA. The ligation- 
mixture of p740mrgA, described in the Material and Methods section, was introduced by 
transformation into the B. subtilis 168 strain, and the transformants were plated on LBPSK 
media supplemented with 6 microg/ml chloramphenicol (cam) to select for integrants. 

15 Transformants growing on these plates have integrated the plasmid in the amy locus, either 
by a single (Cam* kan + ) or double cross-over event (cam* kan). The transformants were re- 
streaked on LBPSK/cam media with and without 20 microg/ml kanamycine. Strains where 
douhlojccoss-over events had occurred were cam + kan\ These strains no longer showed the 
tell-tale clearing zones; which signified that that integration in, and disruption of, the amy 

20 gene, had taken place. The site of integration was verified by PCR, the integrated copy of 
mrgA was verified by sequence analysis, and the strain was named AN42. AN42 was 
transformed with plasmid pKTH10 which constitutively express the alpha-amylase AmyQ of 
Bacillus amyloliquefaciens. The resulting strain was named AN55. Yields of amylase from 
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AN55 were determined in triplicate from three independent isolates, and compared to yield of 
amylase from the control strain AN83. Results are shown in table 2; the AN55 strain 
constitutively expressing mrgA from the synthetic promoter has an increased alpha-amylase 
yield, which on average is 21% higher than the control strain, AN83, which only comprises a 
wild-type copy of the mrgA gene. 

Table 2. Yields of amylase from AN55 were determined in triplicate from 
three independent isolates, and compared to the yield of amylase from the 
control strain AN83. The average yields of each strain are also shown. 
Nd: Not determined. 



Strain 


Amylase activity 
(relative) 


average 


average 
(in %) 


AN55-1.1 


11,5 


14,4 


121% 


AN55-1.2 


10,8 


AN55-1 .3 


13,3 


AN55-2.1 


17,4 


AN55-2.2 


17,3 


AN55-2.3 


15.6 


AN55-3.1 


11,2 


AN55-3.2 


14,8 


AN55-3.3 


18,1 


AN83-1.1 


10,6 


11.9 


100% 


AN83-1.2 


15,7 


AN83-1.3 


13,8 


AN83-2.1 


8,7 


AN83-2.2 


7.72 


AN83-2.3 


10,1 


AN83-3.1 


14,1 


AN83-3.2 


Nd 


AN83-3.3 


14,6 



EXAMPLE 3 

The mrgA gene was amplified by PCR from the chromosome of B. subtilis by use of 
primers p726mrgaF2 (SEQ ID NO: 11) and MBmrgaR2 (SEQ ID NO: 5). The upstream 
primer (p726mrgaF2) comprised the constitutive synthetic promoter P726 (SEQ ID NO: 12). 
The PCR product (SEQ ID NO: 13) was cut with restriction enzymes Sffl and BamH\ and 
ligated to the large Sfil-BambU fragment of pDG268neo, resulting in plasmid p726mrgA. The 
ligation-mixture of p726mrgA, described in the Material and Methods section, was introduced 
by transformation into the B. subtilis 168 strain, and the transformants were plated on LBPSK 
media supplemented with 6 microg/ml chloramphenicol to select for integrants. 
Transformants growing on these plates have integrated the plasmid in the amy locus, either 
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by a single (Cam* kan + ) or double cross-over event (cam* kan"). The transformants were then 
re-streaked on LBPSK/cam media with and without 20 microg/ml kanamycine. Strains where 
double cross-over events had occurred were cam* kan\ These strains no longer showed the 
tell-tale clearing zones; which signified that that integration in, and disruption of, the amy 

5 gene, had taken place. The site of integration was verified by PCR, the integrated copy of 
mrgA was verified by sequence analysis, and the strain was named AN50. AN50 was then 
transformed with plasmid pKTHIO, which constitutively express the alpha-amylase AmyQ of 
Bacillus amyloliquefaciens. The resulting strain was named AN57. Yields of amylase from 
AN57 were determined in triplicate from three independent isolates, and compared to the 

10 yield of amylase from the control strain AN83. Results are shown in table 3; the AN55 strain 
constitutively expressing mrgA from the synthetic promoter has an increased alpha-amylase 
yield, which on average is 40% higher than the control strain, AN83, which only comprises a 
wild-type copy of the mrgA gene. 

15 Table 3. Yields of amylase from AN57 were determined in triplicate from 

three independent isolates, and compared to the yield of amylase from the 
control strain AN83. The average yields of each strain are also shown. 



Nd: Not determined. 



Strain 


Amylase activity 
(relative) 


average 


average 
(in %) 


AN57-1.1 


15,5 


16,6 


140% 


AN57-1.2 


10,6 


AN57-1.3 


17,3 


AN57-2.1 


17,4 


AN57-2.2 


20,7 


AN57-2.3 


13,9 


AN57-3.1 


15,1 


AN57-3.2 


17 


AN57-3.3 


22 


AN83-1.1 


10,6 


11,9 


100% 


AN83-1 .2 


15.7 


AN83-1.3 


13,8 


AN83-2.1 


8,7 


AN83-2.2 


7,72 


AN83-2.3 


10,1 


AN83-3.1 


14,1 


AN83-3.2 


Nd 


AN83-3.3 


14,6 



20 EXAMPLE 4 

pAN213ban, described in the Material and Methods section, was introduced by 
transformation into the B. subtilis 168 strain and plated on LBPGS media supplemented with 
5 microgram/ml erythromycin to select for integrants. Transformants on these plates have 
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integrated the plasmid in the pel locus, either by a single (erm* kan + ) or double cross-over 
event (erm* kan"). Transformants were re-streaked on LBPGS/erm media with and without 20 
microgram/ml kanamycine. Strains where double cross-over events occurred were scored as 
erm + kan". These strains showed larger than wildtype clearing zones as an indication of 

5 PconsBAN-amyQ integration and expression. The site of integration was verified by PCR. The 
resulting strain was named AN214. AN50 was transformed with chromosomal DNA from 
AN214 and transformants with the genotype (pel::PconsBAN, erm; amyE::P726mrgA, cam) 
were scored on plates. The resulting strain was verified by PCR and named AN217. Yield of 
amylase from AN217 was determined in duplicate from four independent isolates and 

10 compared to yield of amylase from the control strain AN214 (table 4). 

Table 4. Yield of amylase from AN217 determined in duplicates from four independent 
isolates and compared to yield of amylase from the control strain AN214. 



Strain 


Amylase activity 
(relative) 


average 




AN2 14-1.1 


10,5 






AN214-1.2 


10,9 






AN2 14-2.1 


14,5 






AN21 4-2.2 


13,6 




100% 


AN21 4-3.1 


14,6 


14,0 


AN214-3.2 


16,1 






AN214-4.1 


14,1 






AN21 4-4.2 


17,9 






AN21 7-1.1 


17,1 






AN217-1.2 


16,5 






AN21 7-2.1 


14,9 






AN21 7-2.2 


14,6 






AN21 7-3.1 


19,1 


16,7 


119% 


AN2 17-3.2 


18,1 






AN2 17-4.1 


16,2 






AN21 7-4.2 


17,2 







15 EXAMPLE 5 

AN36 was transformed with chromosomal DNA from AN214 and transformants with the 

genotype (pel::Pcon S BAN, erm; amyE::P920mrgA, cam) were scored on plates. The resulting 

strain was verified by PCR and named AN219. AN42 were transformed with chromosomal 

DNA from AN214 and transformants with the genotype (pel::Pcon S BAN t erm; 
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amyE::P740mrgA, cam) were scored on plates. The resulting strain was verified by PGR and 
named AN218. Yield of amylase from AN214, AN218 and AN219 were determined in 
duplicate from four independent isolates of each strain (table 5). 

5 Table 5. Relative average yields of amylase from AN214, AN218 and AN219, determined in 



duplicate from four independent isolates of each strain. 



Strain 


Amylase activity 


AN214 


100 


AN218 


107 


AN219 


106 
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